i2o                         PRELIMINARY.
Here Is assumed that the function" required" is "a "rational and integral one in x of the n — ith degree; and, in general, a similar limitation is in practice applied to the other formula above ; for in order to find the complete expression for /(#), it is necessary to determine the values of A/(*), Ay (*),.... If n of the co-efficients be required, so as to give the n chief terms of the general value off(x), we must have n observed simultaneous values of x and/(^), and the expression becomes determinate and of the « - ith degree in h.
In practice it is usually sufficient to employ at most three terms of the first series. Thus to express the length / of a rod of metal as depending on its temperature /, we may assume
l=lQ + A(t-t^B(t-t$,
/0 being the measured length at any temperature tat A and £ are to be found by the method of least squares from values of / observed for different given values of /.
351. These formulae are practically useful for calculating the probable values of any observed element, for values of the independent variable lying within the range for which observation has given values of the element. But except for values of the independent variable either actually within this range, or not far beyond It in either direction, these formulae express functions which, in general, will differ more and more widely from the truth the further their application is pushed beyond the range of observation.
In a large class of investigations the observed element is in its nature a periodic function of the independent variable. The harmonic analysis (§ 88) is suitable for all such. When the values of the independent variable for which the element has been observed are not equidifferent the co-efficients, determined according to the method of least squares, are found by a process which is necessarily very laborious ; but when they are equidifferent, and especially when the difference is a submultiple of the period, the equation derived from the method of least squares becomes greatly simplified. Thus, if 6 denote an angle increasing in proportion to /, the time, through four right angles in the period, T, of the phenomenon; so that
let       /(#) = Av + A^osO + A, cos 26 + ... +.J3l sin & + JBa sin 20 -•- ...
where A& At) Att...JSl} JBV... are unknown co-efficients, to" be determined so that /(<?) may express the most probable value of the element, not merely at times between observations, but through all 'time as long as the phenomenon is strictly periodic. By taking as many of these coefficients as there are of distinct data by observation, the formula is made to agree precisely with these data. But in most applications of the method, the periodically recurring part of the phenomenon is expressible by a small number of terms of the harmonic series, and the higher terms, calculated from a great number of data,he subject has recently been published by Airy,
